HIGH CAPACITY REGENERABLE SORBENT FOR REMOVAL 
OF ARSENIC AND OTHER TOXIC IONS FROM DRINKING WATER 



CROSS REFERENCE TO RELATED APPLICATIONS 
The present application claims the benefits of U.S. Provisional Application, Serial 
No. 60/390,707, filed June 21, 2002, of the same title to Lovell et al., wWeh is incorporated 
herein by this reference. The subject matter of thepresent application is related to the subject 
matter of U.S. Patent Application, Serial No. 10/134,178, fUed April 26, 2002, which is 
incorporated herein by this reference. 

STATEMENT REGARDING FEDERALLY SPONSORED 
RESEARCH OR DEVELOPMENT 

The U.S. Government has a paid-up Ucense in this invention and the right in limited 

circumstances to require the patent owner to license others on reasonable terms as provided 

for by the terms of Contract No. 1 R43 ESI 1885-01, awarded by NIK. and Contract No. 68- 

D-02-078, awarded by EPA. 

FIELD OF THE INVENTION 
The present invention is directed generally to contaminant removal from fluids and 
specifically to contaminant removal from aqueous solutions. 

BACKGROUND OF THE INVENTION 
In the United States, arsenic concentrations in ground water are sometimes too high 
for potable drinking water, particularly in the West and parts of the Midwest and Northeast. 



Data collected by the U.S. Geological Survey indicate at least 10 percent of wells had arsenic 
concentrations in excess of 1 0 ug/1, which may also be expressed as microgranis per liter or 
parts per biUion (ppb.) Low levels of arsenic exposure can cause a number of adverse health 
eflfects, including decreased production of red and white blood cells, abnormal heart function, 
blood vessel damage, liver or kidney injury, and impaired nerve function.. It has also, been„ 
linked to skin cancer, bladder cancer, and lung cancer. 

The major source of the arsenic contamination is from naturally-occurring subsurface 
minerals. In its geologic occxirrence, arsenic is typically found at high levels in primary 
sulfide minerals, such as arsenopyrite, pyrite, pyrrhotite, prpiment, and realgar. It is also 
found in trace amounts in silicate minerals. Arsenic is typically found in groundwater as 
arsenite (AsOj^ ) (in which arsenic is in the trivalent state) or arsenate (As04^") (in which 
arsenic is in the pentavalent state) ions derived from the leaching of naturally occurring 
subsurface materials and to a lesser extent from anthropogenic contamination. 

Based on a review of the new data, the National Research Council (NRC) committee 
recommended that the Environmental Protection Agency (EPA) lower its standards on the 
amount of arsenic allowed in drinking water as soon as possible. The committee found a 
combined cancer risk of one in 100 from drinking water with the currently allowed 
maximum level of arsenic. In mid-January, 2001, the EPA announced a tougher drinking 
water standard for arsenic. The new rule lowers the standard from 50 ppb to 10 ppb and is 
expected to affect 10 percent of the nation's community drinking water systems. 



There are various techniques for removing arsenic and other contaminants from 
aqueous streams. These methods include ion exchange, adsorption using activated alumina, 
or flocculation using iron hydroxides. 

Ion exchange has long been known to remove arsenic from drinking water. In the 
5 process, anionic species, such as arsenic, are exchanged onto a polystyrene resin at reactive , 
sites. Strong-base anionic exchange resins will remove pentavalent arsenic but are generally 
not eflFective for the removal of trivalent arsenic because trivalent arsenic is normally present 
as nonionic arsenous acid. Sulfate ions may occupy exchange sites on the resin in preference 
to arsenic ions, which is particularly a problem for ground waters high in total dissolved 

10 solids (TDS). The regeneration of the ion exchange media will also likely generate a 
hazardous waste due to the high arsenic concentration. 

Activated alumina is especially useful for treating water with very high TDS, 
However, the effectiveness of activated alumina is highly pH sensitive. The adsorption 
process involves surface complexation and exchange of hydroxide ions for contaminants. 

15 Like ion exchange, activated alumina absorbs only ionized forms of arsenic and thus any 
trivalent arsenic must be oxidized to pentavalent arsenic to be removed from water. The 
solution pH is more critical to arsenic removal by activated alumina adsorption than it is for 
other water treatment processes such as ion exchange and iron-hydroxide coagulation. At 
high pH, siUcic acid dissociates to produce 1138104", which competes with arsenic species for 

20 sorption sites. Depending on feedwater pH, groundwater may require substantial amounts 
of acid to adjust the feedwater pH to below-neutral conditions for optimal eflSciency. 
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The coagulation/filtration process relies on the coprecipitatipn or sorption of 
pentavalent arsenic onto freshly precipitated Fe(0H)3 soUds. Removal of arsenic by iron 
hydroxide precipitation depends on pH, with niore arsenic being removed at a lower pH, 
Silica may interfere with arsenic removal by adsorbing on iron hydroxide at a high pH. 
- 5. Disposal of the, arsenicrcontaining coagulation sludge may be a concern if the arsenic is, 
teachable from the residuals and does not pass the Toxicity Characteristic Leaching 
Procedure (TCLP). 

SUMMARY OF THE INVENTION 
These and other needs are addressed by the various embodiments and configurations 
10 of the present invention. The present invention is generally directed to the use of polyvalent 
oxides on substrates to remove various contaminants from contaminated fluids. 
In one embodiment, a sorbent particle is provided that includes: 
(a) a substrate having an ion exchange capacity of about 50 mEq/lOOg or higher and 
a pluraUty of ion exchange sites; and 
15 (b) a plurality of disordered polyvalent metal oxides located at the plurality of ion 

exchange sites. The metal oxides are preferably in the form of metal hydroxides. 

The substrate preferably has an ion exchange capacity ranging from about 80 to about 
150 mEq/lOOg and more preferably is a silicate, such as a member of the clay group (e.g., 
vermiculite and montmorillonite) or the zeolite group. 
20 The disordered polyvalent metal oxide is only partly crystallized. Typically, the 

polyvalent metal oxide is microcrystalline or poorly crystallized and comprises at least 5 
wt.% water of hydration. 



The polyvalent metal is preferably a nontoxic metal, such as zirconium, aluminum, 
lanthanum, titanium, rnanganese, tin, iron, zinc, timgsten, and mixtures thereof. 

Polyvalent metal oxides can have markedly different capacities to scavenge 
contaminant ions, depending on the surface charge. The elemental selectivity is usually 
5 controlled by the pH at which sorption is occurring. For example, manganese oxides are 
electronegative in basic waters whereas those in neutral to acidic waters may be 
electropositive. Accordingly, different types of polyvalent metals having different pH ranges 
governing electronegative and electropositive behavior can be ion exchanged onto the same 
substrate to provide a more pH insensitive sorbent. Examples would be combining, on a 
10 common substrate, manganese hydroxides and iron oxides or alumina (aluminum oxide) and 
iron oxides. 

In another embodiment, a process is provided for manufacturing the sorbent. The 
process includes the steps of: 

(a) contacting a solution comprising dissolved polyvalent metal ions with a substrate 
1 5 having a plurality of ion exchange sites to form an ion exchanged substrate having polyvalent 

metal ions exchanged at the plurality of ion exchange sites; and 

(b) contacting the ion exchanged substrate with an oxygen-containing fluid to convert 
most, if not all, of the polyvalent metal ions exchanged at the plurality of ion exchange sites 
into metal oxides. Typically, the polyvalent metal ions are in the form of a salt in the 

20 solution and are present in a super-equilibric concentration to cause existing metal ions on 
the substrate to enter the salt solution. Because the polyvalent metal ions are ion exchanged 
for the existing metal ions, the polyvalent metal oxide is commonly discontinuously 



distributed over the substrate surface and are not in the form of a continuous coating or layer 
over the substrate surface. 

The present invention can have a number of advantages compared to the conventional 
additives. For example, the sorbents can provide improved and cost effective control of 

5 arsenic and other, toxic metal ions in fluids. The sorbents of the present invention can have 

capacities to sorb toxic ions that greatly exceed that of current sorbents, such as granular 
ferric hydroxide, at a much lower unit cost. This is beUeved to be due, at least in part, to the 
sorbent's ability to sorb ions by several different mechanisms. The increased capacity 
combined with an economically efficient method of deploying the polyvalent nietal oxides 

10 and hydroxides can offer the prospect of much more cost effective methods of toxic metal 
control for any facility that may require such control including, without Umitation, municipal 
water districts, small private suppUers, and point-of-use systems. The use of sihcate-based 
substrates can prevent adverse effects on the quality or value of the treated fluid caused by 
introducing undesirable.ions. The use of a sihcate substrate, such as vermicuUte, can provide 

15 a sorption bed that has a very large sorption area but creates a low hydrostatic back pressure. 

The sorbents can remove not only pentavalent arsenic but also trivalent arsenic without 
costly and time consuming pre-oxidation. They can operate effectively on fluids having high 
TDS, even in the presence of sulfate ions at concentrations of up to 1 ,000 ppm. They can be 
relatively pH-insensitive and can operate effectively within the pH range of groundwater 

20 without prior pH adjustment. 

These and other advantages will be apparent from the disclosure of the invention(s) 
contained herein. 



The above-described embodiments and configurations are neither complete nor 
exhaustive. As will be appreciated, other embodiments of the invention are possible 
utilizing, alone or in combination, one or more of the features set forth above or described 
in detail below. 



Fig. 1 is a cross-sectional view of adjacent plates of a substrate (not drawn to scale) 
according to an embodiment of the present invention; 

Fig. 2 is a cross-sectional view of a sorbent particle (not drawn to scale) according 



10 to an embodiment of the present invention; 

Fig. 3 depicts the steps of a sorbent manufacturing process according to an 
embodiment of the present invention; 

Fig. 4 is a prior art cross-sectional view of a naturally occurring substrate (not drawn 
to scale); 

15 Fig, 5 is a cross-sectional view of ion exchange occurring on a substrate (not drawn 



Fig. 6 depicts a process for treating a fluid according to an embodiment of the present 
invention; 

Fig. 7 depicts a step in the process of adsorption (not drawn to scale); 
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BRIEF DESCRIPTION OF THE DRAWINGS 



to scale); 



20 



Fig. 



8 depicts a step in the process of adsorption (not drawn to scale); 



Fig. 



9 depicts a further step in the process of adsorption (not drawn to scale); and 



Fig. 



10 depicts contaminant removal by penetration of the crystal lattice. 
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Fig. 1 1 depicts the isothermic performance of various formulations of sorbents of the 
present invention compared to a commercially available sorbent, GFH™; - 

Fig. 12 depicts the isothermic performance of sorbent formulations of the present 
invention designed to increase the active iron-hydroxide content. 
5 Fig. 13 depicts the isothermic performance of one embodiment of a sorbent of the 

present invention compared to a commercially, available sorbent, GFH™. 

Fig, 14 depicts the isothermic performance of one embodiment of a sorbent of the 
present invention as a function of pH and form of arsenic. 

Fig. 15 depicts the isothermic performance of sorbents of the present invention 
10 treated with a wetting agent or iron-amended under vacuum compared to a control. 

Fig. 1 6 depicts isothermic perforniance of sorbents of the present invention prepared 
from bentonite as the substrate compared to sorbents of the present invention prepared from 
vermiculite as a substrate and GFH™. 

Fig. 17 depicts inlet and outflow arsenic concentration in water passed through a 
15 GFH™ sorbent column and a column containing a sorbent of the present invention. 

DETAILED DESCRIPTION 
The present invention uses a polyvalent metal oxide and/or hydroxide-containing 
sorbent to remove contaminants from fluids, particularly aqueous streams. As will be 
20 appreciated, the term "oxide" refers to a compound in which one or more metal atoms is 

bonded to one or more oxygen atoms and therefore includes metal hydroxides. The sorbent " 
includes a suitable substrate on which is deposited/substituted the polyvalent metal oxides 



and/or hydroxides by suitable techniques. Contaminants are believed to be collected on the 
sorbent by one or more mechanisms, namely co-precipitation, adsorption, surface complex - 
formation, ion exchange, and penetration, (i.e., intercalation) of the crystal lattice formed by 
the polyvalent metal oxides and/or hydroxides. These mechanisms are individually and 
5 collectively referred to as "sorption" and are discussed more fully below. 

The substrate can be my suitable substrate depending on the application. Preferably, 
the substrate is selected such that it is inert, does not introduce significant amounts of 
undesirable (toxic) contaminants, such as extraneous ions (other thanhydroxyl and hydrogen 
ions), into the fluid being treated, has a high ion exchange capacity, and has a large surface 

1 0 area per volumetric or mass unit of material. Preferably, the ion exchange capacity is at least 
about 50 mEq/100 g and more preferably ranges from about 80 to about 150 mEq/100 g or 
more, and the surface area is at least about 100 mVg and more preferably ranges frorti about 
500 to about 800 mVg. Preferred substrates include a layered silicate material, such as a 
phyllosiUcate, aluminosihcates such as montmorillonite, and non-layered siUcates such as 

15 zeoUtes. Particularly preferred substrates include the clay minerals phyllosilicate (e.g., 
vermiculite) and montmorillonite. Clay minerals have a platelike or micaceous structure 
which provides a high sxirface area. 

In phyllosilicate minerals, rings of tetrahedrons are linked by shared oxygens to other 
rings in a two dimensional plane that produces a sheet-like structiire. Typically, the sheets 

20 are then connected to each other by layers of cations. These cation layers are weakly bonded 
and often have water molecules and other neutral atoms or molecules trapped between the 
sheets. The silicon to oxygen ratio is generally 1 :2.5 (or 2:5) because only one oxygen is 



exclusively bonded to the silicon and the other three are half shared (1.5) to other silicons. 
The synimetry of the rnembers of tWs group is^ 

rings but is usually altered to a lower symmetry by other ions and other layers; but the 
overlying symmetry of the siUcate sheets will usually still be expressed in a higher 
5 pseudo-rsymmetry. The typical crystal habit of phyllosiUcates is flat, platy, book-Uke and 
most all members display good basal cleavage. Although members tend to be soft, they are 
remarkably resilient. Phyllosilicates are also generally tolerant of high pressures and 
temperatures. 

Vermiculite (i.e., hydrated laminar magnesium-aluminum-ironsihcate that resembles 
1 0 mica in appearance) is one preferred sorbent substrate, given its high ion exchange capacity, 
commercial availabiUty, and low cost. Vermiculite is the name appUed to a group of 
magnesium aluminum iron sihcate minerals, with a variable composition that rnay be 
summarized thus: 

(Mg, Ca)o.7(Mg, ¥e\ Al),^o[(Al, Si)802o](OH)4- SH^O 
15 Flakes of raw vermiculite concentrate are micaceous in appearance and contain interlayer 
water in their structure. When the flakes are heated rapidly, or treated with hydrogen 
peroxide, the flakes expand, or exfoliate, into accordion-like particles. The resulting 
lightweight material is chemically inert, fire resistant, and odorless. For these reasons 
vermicuUte will not adversely affect the quaUty of water that is exposed to it. 
20 Fig. 4 depicts the platelet structure of vermiculite. Vermiculate is a phyllo-, or 

layered, silicate with a generalized structure similar to that of talc. It has a central, - 
octahedrally coordinated interlayer of iron and magnesium oxides 100 lying between two 
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inwardly pointing sheets 104 of sijica tetrahedra. In vermiculite, iron and magnesium ions 
100 $ubstitute for silicon in the tetrahedral layer and the resulting electrical inibalance is 
neutralized by loosely bound iiiterlayer 408 ions 400 of calcium, magnesium, or more rarely, 
sodium (or ion exchange sites). The interlayer space 408 also includes two ordered layers of 
water molecules 124 (depicted as being behind the ions. 400). The calcium and magnesium 
ions within the interlayer space can be replaced by other metal ions, owing to vermiculites' 
very high ion-exchange capacity. VermicuUte is not described in the literature as an 
alumingsilicate. 

Montmorillonite, also known as smectite, bentonite, or Fuller's Earth, is a clay 
weathering product of alumino -silicate minerals. These clays typically develop in semi-arid 
regions from solutions with high concentrations of magnesium ions and can be made 
synthetically. Montmorillonite is a crypto-crystalline aluminosilicate. Montmorillonite clays 
are constructed of a single sheet of alumina octahedra, sandwiched between two layers of 
silica tetrahedra. Substitution of other atoms (Mg^"^, Fe^^, or Mn^^) for the aluminum in the 
octahedral layer or AP* substitution for silicon. in the tetrahedral layer leads to interlayer 
charge imbalance, producing one excess negative charge for each substituted atom. Cations, 
such as calcium ion and sodium ion, intercalate into the interlayer areas to balance the 
charge. Water molecules are also present in the interlayer areas. 

The hydrated interlayer space between the sheets is expansible, that is, the separation 
between the individual smectite sheets varies depending upon the interlayer cations present. 
Because the interlayer area is hydrated, cations within the interlayer may easily exchange 
with cations in an external solution, providing that charge balance is maintained. This leads 



to very high cation exchange capacities in these materials that may be as high as 80-150 
mEq/lOOg; The availability of the interlayer areas and the very small particle size lead to- 
these clays having extremely large effective surface areas. 

Due to a low hydrological resistance when configured as a bed and a platy (high 
surface area) structure, vermiculite is generally the more preferred substrate. However, less 
porous/permeable materials, such as montmorillonite, can be used in a packed bed 
configuration if aggregated to larger size or adhered or cemented to a second suitable carrier 
substrate, such as sand. The type of substrate is depicted in Fig. 2. In Fig. 2, the sorbent 
material 200 is in a discontinuously (or continuously) distributed layer on the surface of a 
carrier substrate 204, such as a sand grain. The sorbent can be adhered to the carrier 
substrate 204 by known techniques and using a nontoxic adhesive, such as polyvinyl chloride 
or ethoxymethyl cellulose, that will not contaminate the effluent being treated. The smaller 
platelets can also be bound to each other using adhesive to form larger aggregates. 

The polyvalent metal located on the sorbent can be any suitable polyvalent metal, 
including the transition metals. For treatment of drinking water, preferred non-toxic 
polyvalent metals include zirconium, aluminum, lanthanum, titanium, manganese, tin( both 
Sn(II) and Sn IV), iron (both ferric and ferrous iron), zinc, tungsten, and mixtures thereof 
The polyvalent metals are stabilized on the substrate by being converted into oxides and/or 
hydroxides. 

To provide for effective contaminant removal, the polyvalent metal oxides and 
hydroxides are disordered (or present as nonstoichio metric compounds), or only partially 
crystallized. Preferably, the polyvalent metal oxides and hydroxides are microcrystalline or 

-12- 



poorly crystallized. The polyvalent metal oxides and hydroxides preferably have a water 

content (or water of hydration) of at least 5 wt,%. 

While not wishing to be bound by any theory, Fig. 1 depicts, on a microscopic level, 

a configuration of the sorbent of the present invention. The sorbent 1 00 includes a number 
5 of spaced stacked sheets 104. Between adjacent pairs of plates is an inter-plate region 116 

including polyvalent metal oxides/hydroxides 120 (or ion-exchange sites) and entrapped 

water molecules 124. The polyvalent metal oxides/hydroxides are discontinuously 

distributed in the inter-plate region 116 and are deposited as discussed below. The 

polyvalent metal oxides/hydroxides provide a sufficient inter-plate spacing (Pg (Fig. 1)) for 
10 contaminants to pass through the inter-plate region and collect on the polyvalent metal 

compounds. In other words, it is beUeved that the polyvalent metal oxides/hydroxides 

"prop" open or maintain a desired inter-plate spacing distance. 

The sorbent effectively collects various ionic contaminants from the surrounding 

fluid. Ionic contaminants include anions, including the anionic compounds comprising 
15 arsenic (both in the trivalent and pentavalent state), plutonium, phosphorous, molybdenum, 

and selenium and hydroxides and oxides thereof and cations including copper, lead, 

cadmium, uranium (in the form of uranyl ion), zinc, plutonium, phosphorus, molybdenum, 

and mercury. 

While not wishing to be bound by any theory, the contaminants, as noted above, are 
20 believed to be removed by one or more mechanisms, depending on the contaminate. For 
example, co-precipitation occurs when a contaminant forms a compound with a distinct 
chemical composition from ions in solution and the polyvalent metal amendment. The 

-13- 



amount of contaminant that can be renioved is stoichiometrically based on the amount of 
polyvalent metal on the sorbent. By way of illustration, the molybdate ion (MoO^^O will - 
form ferrimolybdate (Fe203 3M0O3 8H2O) with iron in the polyvalent metal complex 
(FeO(OH)). The process is independent of the concentration of the molybdate ions in 
5 . solution. Adsorption occurs when a contaminant is held to the surface of the sorbent by 
physical bonds. The metal ions at the surface of an oxide have a reduced coordination 
number, thus they behave as Lewis acids. The surface matrix of metal and oxygen ions is 
shown in Fig. 7. In the presence of water, the surface ions first coordinate water molecules 
as shown in Fig. 8. The water molecules undergo dissociative chemisorptipn to form a 

10 protonated surface as shown in Fig. 9. The hydroxyl ions and protons 900 at the surface of 
the oxide are available for bonding or exchange with ions in solution. The ligand exchange 
(e.g., with arsenic) is characterized by the equation: 

S-OH + L-->S-L-hOH- 
where "S" equals the oxide surface. Surface complex formation is characterized by sorption 

15 followed by bidentate complex formation. The equation characterizing sorption is as 
follows: 

S-OH + M^^ S.OM^^-^>* + 
where M represents the polyvalent metal and Z the valent state of the metal. Bidentate 
complex formation is characterized by the following equation: 

20 
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Compeu"ed to co-precipitation, surface conqJlex formation is not limited by stoichiometry in 
the amount of contaminant that can be removed. Ion exchange involves the exchange of ions 
between a solid and a solution. By way of example, ion exchange can be characterized by 
the equation: 

Ca-clay + Zn^* — > Zn-clay + Ca^* 
Using the sorbent of the preserit invention, ion exchange typically occurs by the contarninant 
replacing the oxygen, hydroxyl, and/or hydrogen ions in the polyvalent metal 
oxides/hydroxides. Finally, penetration of the crystal lattice refers to the insertion of metal 
ions into the crystal lattice structure of the polyvalent metal oxides/hydroxides by occlusion. 
This mechanism is depicted by Fig. 10. 

The process to form the sorbent of the present invention will now be described with 
reference to Figs, 3-5. Although any suitable technique for forming the sorbent may be 
employed, a preferred process chemically deposits and/or substitutes the disordered 
polyvalent oxides/hydroxides onto or into the substrate. For economic efficiency, the oxides 
and hydroxides are deposited onto the substrate in such a manner as to ensure majdmal 



,15- 



exposure of the oxide or the hydroxide to the ions in the fluid while substantially minimizing 
the amount of the more expensive amendment required. 

Referring now to Figs. 3 and 5, the substrate 300 is combined with a salt solution 304 
and mixed and agitated in step 308 for a time sufficient to replace the existing hnetal cations 
5 404 in the native substrate with desired polyvalent metal cations 500. The polyvalent metal 
is typically in the form of a sulfate, nitrate, or chloride or as other soluble forms in the salt 
solution 304. The concentration of. the dissolved polyvalent metal-containing 
ions/compounds is super-equilibric relative to the concentration of the metal cations 404 in 
the salt solution. In this manner, the metal cations 404 are driven into solution and the 

10 polyvalent metal cations 500 out of solution (to replace the metal cations 404) in an attempt 
to attain an equilibrium concentration of the metal cations 404 and polyvalent metal cations 
500 in the salt solution 304. To realize substantially complete ion replacement of the native 
metal cations 404, the pH of the surrounding salt solution 304 is maintained at a level 
necessary to realize a substantially complete replacement of the native metal cations 404. 

15 Preferably the pH is maintained at a level below 2 and preferably from about pH 1 to about 
pH 2. The duration of the mixing and agitating step 308 typically ranges from about 2 to 
about 8 hours. Typically, at least about 90% of the native metal cations 404 are replaced 
by polyvalent metal cations 500. 

The resultant ion exchanged slurry 3 1 2 (which includes the ion exchanged substrates 

20 316 and the ion exchanged solution 320) are subjected in step 324 to Uquid/solid separation, 
such as by pressure filtration^ screening, settling, flotation, or centrifiiging, to separate the 
ion from the exchanged solution 320 and the ion exchanged substrate 316. The recovered 
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ion exchanged substrate 316 is rinsed in step 328 to remove the excess ion exchanged 
solution 320. 

In step 332, the acid equivalent of the ion exchanged substrates 3 16 is determined by 
known techniques. As will be appreciated, the acid equivalent rating of the ion exchanged 
substrates 316 is indicative of the ion exchange activity (or polyvalent metal qonceiitration) 
of the substrates. In one configuration, a small aliquot of the ion exchanged substrate 316 
is titrated to neutrality with a base, such as sodium hydroxide solution. When the acid 
equivalent level is unsatisfactory, the ion exchanged substrates 316 are returned to step 308 
for further ion exchange to be realized. 

If the acid equivalent level is satisfactory, the ion exchanged substrates, in step 336, 
are contacted with a source of hydrox)4 ions to yield the hydroxide solution 340 and 
subjected to fixrther mixing/agitating for a sufficient period of time for at least most, and 
typically about 100%, of the polyvalent metal cations 500 on the substrates to be converted 
into oxides/hydroxides. The hydroxide solution 340 typically contains a superstoichiometric 
amount of hydroxyl ions relative to the amount of polyvalent metal ions identified by the acid 
equivalent level and has a pH ranging from about pH 7 to about pH 8. Typically, the 
hydroxide solution 340 contains at least about 9 g/1 and more typically fi^om about 18 to 
about 50 g/1 of hydroxyl ion. A precipitate of the polyvalent metal hydroxide typically forms 
immediately from the excess polyvalent ions that enter into the solution from the substrate 
surface. Metal ions that have been exchanged into the lattice of the substrate also react to 
form the hydroxide and become imniobilized in place within the substrate such that, during 
fluid treatment, the metal ions do not enter solution. Other alkali solutions beside the 
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hydroxide solution may be employed. The sorbent of Fig. 1 results from this step when 
vermiculite is the substrate. 

As will be appreciated, steps 308 and 332 or 332 and 336 can be performed 
simultaneously. With respect to the former combination of steps, samples of the ion 
exchanged substrate are removed and titrated to determine acid equivalent levels and step 
308 continued until the desired acid equivalent level attained. With respect to the latter 
conibination of steps, samples of the ion exchanged substrate are removed and titrated to 
determine acid equivalent levels and hydroxide solution added in step 336 until the desired 
acid equivalent level is attained. 

In step 344, the stabilized substrate 348 is separated from the residual hydroxide 
solution 352 by liquid/solid separation techniques, such as those set forth above in 
connection with step 324. The stabilized substrate 348 is rinsed in step 356 to remove excess 
precipitate and bring the pH to neutrality. 

The final product or sorbent 360 can be substantially different in color compared to 
the original substrate. For vermicuUte as the substrate, the color is commonly substantially 
different but the vermiculite retains the luster of the original (native) material. This indicates 
that the polyvalent metal oxides/hydroxides have been introduced into the structure of the 
vermiculite rather than being merely a surface coating. 

Surprisingly, though the sorbent eflFectiveness depends upon the ready availability of 
exchangeable protons and hydroxyl ions on the surface of the sorbent, the sorbent need not 
be maintained in a wetted state to prevent the loss of waters of hydration. 

48- 



This preparation process is suitable for polyvaleiit metals with soluble acid salts of 
the appropriate valence state. However for certain metals, such as manganese in the plus- 
four valence state, soluble metal salts do not exist or are unstable in solution. The above 
process is therefore modified to produce a suitable sorbent based on such metals. In the case 
of manganese, step 3 08 is carried out using an acid salt of manganese in the plus two valence 
state such as manganese (II) sulfate or chloride. After the hydroxide has been precipitated 
in step 336, the stabilized substrate 348 is exposed to an oxidant in a gas or liquid, such as 
a stream of moist air, to effectively oxidize the manganese to a higher valence state (e.g., the 
pentavalent state for manganese to form the disordered oxide/hydroxides (MnO(OH) and 
MnO(OH)2). 

The particle size of the sorbent can be in^ortant in optimizing contaminant removal. 
The average particle size of the sorbent particles 360 is larger than about 60 mesh. A 
preferable range is from about 30 mesh to about 5 mesh. 

Referring now to Fig. 6, the process for treating a fluid, such as water, is described. 
In step 600, the fluid 604 (which typically is a Uquid having a pH ranging from about pH 5 
to about pH 9) is contacted with the sorbent 608 in any suitable manner. Preferably, the fluid 
is passed through a fluidized or fixed bed of the sorbent particles. In step 612, the treated 
fluid 616 is separated from the contaminant ladeii sorbent 620 (or removed fro in the bed). 
The residence time of the fluid 604 in the contacting step 600 is typically at least a few tens 
of seconds, with at least about 120 seconds being preferred. After fluid treatment, the 
sorbent particles 620 eventually become laden with the contaminant so as to be less effective 
in contaminant removal. The contaminant laden sorbent 620 can be stabilized in step 624 
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by known techniques, if needed, and disposed of. Alternatively, the sorbent can be 
regenerated in step 628 chemicaUy or thermally by known techniques to remove the 
contaminants 632 and reused to treat further fluid. 

The amount of contaminant(s) removed from the fluid can be high. Preferably, at 
least about +90% of the contaminants are removed to provide , a JBw 
concentration of no more than about 10 ppb. Loadings of up to 0.75% arsenic by weight of 
the amended vermicuUte and up to about 9.9 wt. % of the amended vermiculite have been 
realized. The capacity of the sorbents to adsorb arsenic appears to be unaffected by an excess 
of sulfate ions when present in concentrations up to about 1,000 ppm. 

Example 1 

This Example describes preparatiori of sorbents of the present invention using various 
concentrations of ferric chloride and sodium hydroxide. These sorbents were then compared 
to a commercially available arsenic sorbent in an isotherm experiment to determine arsenic 
binding capacity. 

AU steps in all Examples (unless . otherwise noted) were carried out at room 
temperature. Using the conditions/substrates/reactants noted in Table 1 below, 20 g each of 
vermiculites Palabora #4 (obtainable from Palabora, Inc. Palabora, South Africa), Carolina 
#5 and Virginia #4 (obtained from Virginia VermicuUte Ltd, Louisa, VA) were \yeighed out 
^d sieved to remove fines and placed in a beaker. All other reagents are obtainable from 
Sigma Chemical, St. Louis, MO) except as noted. To the dry sieved vermiculite, 200 
milliliters (mL) of either a 10% or 20% (w/v) aqueous solution of ferric chloride was added. 
The reaction was then shaken at approximately 50 rpm overnight. At the end of 2 hours, 500 
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mL of a 10% or 20% w/v solution of NaOH was added and the reaction was incubated for 
overnight. Excess liquid was poured ofFand the sorbent was rinsed with tap water untU 
rinse water was at neutral pH. Sorbents were then dried at 60"" C overnight. Samples of 
these sorbents were observed under a microscope (at 32X, (obtainable from VWR Scientific, 
5 West Chester, PA) to assess for the presence of delamination; no delamination was noted. 



Table 1. Formulation-conditions for Formulations 1-8. 



Formulation 
Number 


Substrate vermiculate 
source - 


Reagent 1 


Reagent 2 


dried? 


ASl 


VA-vermiculite #4 


10% FeClj 


10% NaOH 


yes 


AS2 


VA-vermiculite #4 


20% FeCIj 


20% NaOH 


yes 


AS2-W 


VA-vermiculite #4 


20% FeClj 


20% NaOH 


no 


ASS 
(also called 
UCC-CC-XOOl) 


Carolina vermiculite #5 


20% FeClj 


20% NaOH 


yes 


AS4 


Carolina vermiculite #5 


20% FeClj 


20% NaOH 


no 


ASS 


Palabora #5 


20% FeClj 


20% NaOH 


yes 


ASS^W 


Palabora #5 


20% FeClj 


20% NaOH 


no 



The isotherm tests described herein determine the sorbent capacity (mg Arsenic/g 
sorbent) as a fiinction of the equihbrium concentration of As. A "standard groundwater 



20 solution" was made using 1 00 ppm NaHCOj and 60 ppm CaS04 in distilled deionized water. 

Stock As(III) was prepared from AS2O3 and stock As(V) was prepared from AS2O5 by 
methods known in the art. Equal amounts of As(III) and As(V) was added to the standard 
groundwater solution to achieve the desired As starting concentrations of 0.5, 1, 5, 10, and 
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50 ppm. After addition of As, the pH was adjusted to the appropriate pH value using HCI 
or NaOH as necessary. 

To determine the isotherm profile, 1 g dry-basis sorbent of the appropriate 
formulation or a control sorbent (commercially available arsenic sorbent based on granulated 
5 ferric hydroxide, GFH™ (available fi^om US Filter, ,Warrendale, PA)Xw^ added to 100 mL 
As solution at the appropriate concentration and placed on shaker table overnight to allow 
the mixtiire to reach equilibrium . After overnight incubation, the vermiculite was filtered 
with a 10 micron filter (available from VWR Scientific) and the supernatant saved. The 
filtrate was fiirther filtered through a 0.45 micron filter. The filtrate and the supernatant were 
1 0 then analyzed for total As using an atomic absorption analyzer (AAnalyst 1 00, obtained from 
Perkin Elmer, Wellesley, MA) measuring arsine gas generation using standard methods 
known in the art. 

The results are shown in Figure 1 1 . Figure 1 1 shows the isotherm performance of 
various formulations of sorbents of the present invention compared to a commercially 
1 5 available sorbent, GFH™. The data indicate that all the sorbent formulations tested in this 
Example perform equally well, compared to a commercially available arsenic sorbent, to 
capture arsenic from water. 

Example 2 

This Example describes preparation of sorbents of the present invention with high 
20 concentrations of ferric chloride (either 80% or 40% w/v ferric chloride) and with either a 
2 hour or overnight incubation time. These sorbents were then compared to commercially 
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available arsenic sorbents and a sorbent of the present invention prepared using lower ferric 
chloride as a control in an isothenn experiment to determine arsenic binding capacity? 

Twenty grams each of vermicuiite Virginia #4 (obtained from Virginia Vermiculite, 
Ltd) were placed in four beakers in the same manner as Example 1 , To two of the beakers, 
5 200 mL of an 80% ferric chloride aqueous solution was added. One of the 80% ferric 
chloride treated vermiculate beakers was allowed to incubate for 2 hours, and the other 
overnight. To the other two beakers, 200 mL of a 40% ferric chloride aqueous solution was 
added, and one of the 40% ferric chloride treated vermiculite beakers was allowed to 
incubate for 2 hours, and the other overnight. After the designated reaction time, 500 mL of 

10 a 20% aqueous solution of NaOH was added to all beakers. In both of the 2 hour ferric 
chloride treatment beakers, the NaOH treatment was allowed to proceed for 2 hours. In both 
of the overnight ferric chloride treatment beakers, the NaOH treatment was allowed to 
proceed overnight. After the NaOH treatment, excess liquid was poured off of all beakers 
and the sorbent was rinsed with tap water until the rinse water was at neutral pH. Sorbents 

15 were then dried at 60"^ C overnight. Samples of these sorbents were observed under a 
microscope to assess for the presence delamination; delaminated sorbents are unacceptable. 
No delamination was noted. 

Commercially available sorbents used were granulated ferric hydroxide GFH™ 
(available from US Filter, Warrendale, PA) and AD33L™ (available from AdEdge 

20 Technologies, Atlanta, GA). 

The isotherm tests described herein determine the sorbent capacity (mg Arsenic/g - 
sorbent) as a function of the equiUbrium concentration of As. The isothenn was carried out 
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in water contaiiung 130 ppm NaHC03, 25 ppm CaCl2, 13 ppm Na2S04 at pH 8, and the 
profile was generated using the procedures described in Example 1; 



Table 2. Preparation of sorbents of the present invention used in 
generating isotherm data in Figure A. 



Formulation, 
code 


Vermiculite, 
source 


Ferric 
chloride 
Reagent 


Sodium 
hydroxide 
reagent 


Incubation time 




Palabora, Coarse 


80% 


20% 


2 hour 




Carolina #3 


80% 


20% 


2 hour 


UV4- 
80/20/24 


Virginia #4 


80% 


20% 


overnight 


UV4- 
40/20/24 


Virginia #4 


40% 


20% 


overnight 


UV4- 
80/20/2 


Virginia #4 


80% 


20% 


2 hour 


UV4- 
40/20/2 


Virginia #4 


40% 


20% 


2 hour 


UC-CC- 
XOOl 


Carolina #5 


20% 


20% 


2 hoiys 



The results are shown in Figure 12. Figure 12 shows the isotherm performance of 



20 formulations designed to increase the active iron-hydroxide content of a sorbent of the 

present invention. The data shown indicate that, at each concentration of arsenic(As), greater 
amounts of As per g sorbent are adsorbed onto the sorbents UV4-80/20/24 and IJV4-80/20/2 
than sorbent UC-CC-XOOl or commercially available sorbents GFH^»* or AD33L™. 
Accordingly, UV4-80/20/24 and UV4-80/20/2 have higher arseniccapacities than any of UC- 

25 CC-XOOl or commercially available sorbents GFH™ or AD33L™. 
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Example 3 

This Exan5)le con^ares the As adspiption capacity of a sorbent of the pre^^^ 
invention and a commercially available arsenic adsorbent at pH 7.0. 

Sorbent UC-CC-XOOl and GFH™ were prepared as described in Example 1. 
5 Isotherm experiments were carried out as described in Example 1 according to the matrix in 
Table 3, below. 

Table 3. Isotherm test matrbc per pH per sorbent 



Sorbent 


pH 


As(III)/As(V) 


Starting total As 


Formulatipn 






concentrations 
(ppm) 


UC-CC-XOOl 


7 


50/50 


50 


UC-CC-XOOl 


7 


50/50 


10 


UC-CC-XOOl 


7 


50/50 


5 


UC-CC-XOOl 


7 


50/50 


1 


UC-CC-XOOl 


7 


50/50 


0.5 


gfh™ 


7 


50/50 


50 


GFH™ 


7 


50/50 


10 


GFHTM 


7 


50/50 


5 


GFH™ 


7 


50/50 


1 


GFHTM 


7 


50/50 


0.5 



20 Results are shown in Figure 13. Figure 13 is an isotherm graph comparing sorbent 

capacity in mg As/g sorbent as a function of the equihbrium concentration of As for both a 
sorbent of the present invention and a commercially available arsenic sorbent, GFH™. The 
results show that both are effective at removing As from water, and the performance of a 
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sorbent of the present invention is comparable to the performance of GFH'^^. The data 
fiirther shows that at concentrations of As in water of 100 ppb or less, sorbents of thepresent- 
invention are more effective than GFHTm at adsorbing As, Le., adsorbing more As per unit 
of sorbent. This effect appears to reverse at concentrations of As in water of higher than 100 
ppb. 

Example 4 

This Example demonstrates the ability of a sorbent of the present invention to capture 
arsenite and arsenate from water under a range of pH conditions. 

Sorbent UC-CC-XOOl and was prepared as described in Example 1 . Isotherm tests 
were conducted as described in Example 1 using conditions shown in Table 4, below. 



Table 4. Isotherm test matrix 



Sorbent 
Formulation 


pH 


As(III)/As(V) 


Starting total As 
concentrations 
(ppm) 


UC-CC-XOOl 


6.1 


50/50 


10,5, 1,0.5 


UC-CC-XQOl 


7. . 


50/50 


10, 5, 1, 0.5 


UC-CC-XOOl 


8.1 ' 


50/50 


10, 5, 1,0.5 


UG-CC-XOOl 


7.1 


0/100 


10, 5, 1,0.5 


UC-CC-XOOl 


7.2 


100/0 


10, 5, 1,0.5 



Results are shown in Figure 14. Figure 14 is an isothemi graph comparing sorbent 
capacity in mg As/g sorbent as a function of the equiUbrium concentration of As comparing 
performance of sorbent formulation UC-CC-XOOl as a function of pH and form of arsenic. 
The performance of UCC^CC-XOOl, a sorbent of the present invention, showed virtually no 
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change as pH or arsenic fomi were changed. The abiUty of a sorbent of the present mvention 
to capture arsenite or arsenate over a range of pH conditions is shown by this data; 

Example 5 

In this Example, the addition of wetting agents or a degassing step were included in 
the ferric chloride reaction step to generate sorbents of the present invention. 

The reaction conditions were as specified below in Table 5. Briefly, 1 0 g of Palabora 
Coarse verniicuUte was placed into each of 9 beakers. To the beakers, 200 mL of either a 
20%, 10%, or 5% solution of ferric chloride was added. To three of beakers, no fiirther 
treatment was used. To three of the beakers, the beakers were degassed with a vacuum pump 
(available from Cole Parmer, Vernon Hills, IL) to approximately 15 inches Hg and stirred 
under vacuum. To three of the beakers, 0.2 paL of wetting agent BYK™-348 (obtained from 
BYK-Chemie, Germany) was added. After an overnight incubation, sorbents were treated 
with NaOH and rinsed as described in Example 1. Isothermic data were generated as 
described in Example 1 . 



Table 5. Isotherm test matrix; each reaction condition was tested 
with 0.5, 1, 5, 10 and 50 ppm As. 



Number 


Substrate - 
Vermiculite 


Reagent 1 


Additional treatment: 


1 


Palabora Coarse 


20% FeCl3 


none 


2 


Palabora Coarse 


10% FeClj 


none 


3 


Palabora Coarse 


5% FeCl3 


none 


4 


Palabora Coarse 


20%FeCl3 


degas-stir under vacuum 


5 


Palabora Coarse 


10% FeCl3 


degas-stir under vacuum 


6 


Palabora Coarse 


5% FeCl3 


degas-stir under vacuum 
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7 


Palabora Coarse 


20% FeClj 


add wettmg agent 


8 


Palabora Coarse 


10%FeCl3 


add wetting agent 


9 


Palabora Coarse 


5%FeCl3 


add wetting agent 



The results of this Exarrple are shown in Figure 1 5 . Figure 1 5 depicts the iso thermic 
performance of sorbents of the present invention treated with a wetting agent or iron- 
amended under vacuum, compared to a control sorbent. Figure 1 5 indicates that the addition 
of a wettiiig agent during the ferric chloride treatment or degassing the mixture during 
treatment with ferric chloride yields a sorbent with As adsorbent capacities approximately 
equal to the control. 

Example 6 

In this Example, sorbents of the present invention are prepared using the substrate 
bentonite. The bentonite was either iron-amended before aggregation or iron-amended after 
aggregation. Isotherm data was then prepared using these sorbents. 

1. Amended/aggregated bentonite. The following steps were performed in order. 
A) iron amendment step: 200 g -200 mesh bentonite (from the Colony mine, 
Wyoming, obtained frorn American Colloid Company, Arlington Heights, IL) 
was weighed out. 300 mL of an 80% w/v ferric chloride solution was added 
and the mixture was shaken at approximately 50 rpm for 2 hours. 750 mL of 
a 20% NaOH solution was added and the mixture shaken at approximately 
50 rpm for 2 hours. Excess liquid was added and the treated bentonite was 
rinsed with tap water until the rinse water is at neutral pH. Treated bentonite 
was then dried at 60'^C. 
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B) aggregation step: Weigh out 200 g of 35# sieved sand (obtained from a Home 
Depot, Inc. retail store, Littleton, CO) and add 70 g of adhesive (medium 
weight blue PVC cement, obtained from a Home Depot, Inc. retail store, 
Littleton, CO). The mixture was stirred thoroughly with a spatula until the 
sand was evenly coated. Treated bentonite from step (A).above, was ground 
to -200 mesh size and was added slowly to the mixture, and mixed with a 
large mixer (obtained from VWR Scientific) until the mixture appears free- 
flowing. The mixture is then dried in an oven at 100°C. To determine the 
amount of bentonite that did not adhere to the sand, sieve the aggregated 
mixture with a 35# sieve and weigh the amount of bentonite lost from the 
sieve. This sorbent is called col 80-20-2 on sand. 
2. Aggregated/amended bentonite. Steps (A) and (B) were performed as above, with 
the exception that the steps were performed in reverse order. For the iron amendment step, 
the aggregated bentonite was sieved with a 35# filter before the iron treatment step and for 
the rinse step instead of a 325# filter. This sorbent is called col on sand 80-20-2. 

Sorbent UY4-80/20/2 (caUed vir#4 80-20-2) and GFH™ were prepared as described 
in Example 2. Isotherm experiments were carried out as described in Example 1. Results 
are shown in Figure 16. Figure 16 depicts the iso thermic performance of sorbents of the 
present invention prepared from bentonite as the substrate compared to sorbents of the 
present invention prepared from vermicuUte as the substrate and to GFH™. Figure 16 
indicates that both bentonite substrate sorbents of the present invention are effective at 
removing arsenic from water, although the arsenic binding capacity appears to be reduced 
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as compared to the vermiculite substrate sorbent UV4-80/20/2 (called vir#4 80-20-2) and 
GFHTM. 

Example 7 

This Example describes the use of a sorbent of the present invention versus GFH in 
a column format to mimic actual use conditions and shows As concentrations in. the feed 
stream and the outlet stream of the column. 

Test columns were assembled as follows, UV4-80/20/2 sorbent (described in 
Example 2) was loaded into 2 inch internal diameter polycarbonate columns (obtained from 
VWR Scientific) to a bed depth of 7.5 inches. GFH columns were made from 1 inch 
diameter clear PVC pipe (obtained from Timberline Plastic Co., Denver, CO) with a bed 
depth of 30 inches. These dimensions were designed to follow the GFH guidelines of 5 
minute empty bed contact time and 5-gpm/ft^ hydraulic loading. The sorbent volumes were 
approximately equal in both cases. Flow through the column was maintained at 125 mL/min 
by the use of dual head peristaltic pumps (obtained from Anko Products, Bradenton, FL) 
Arsenic challenge water had the following recipe: NaHCOj^ 252 ppni; CaCl2, 111 ppm; 
Mg2S04, 62.6 ppm; Na2Si03*9H20, 20 ppm as SiOj; NaF, 1 ppm as fluoride; NaNOj, 2 ppm 
as nitrite; PO4, 0.04 ppm as phosphate; pH 8.5, containing 50 to 100 ppb As (as As(V)). 

Total arsenic was tested using a Hach 2800000 Arsenic Test Kit (available from 
Hach, Inc., Loveland, CO) and later verified with samples sent to ACME Analytical 
Laboratories (Vancouver, BC). Analysis at ACME included fiill elemental analysis via ICP- 
MS. 
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The results of this Example are shown in Figure 17. Figure 17 shows the 
performance of the GFH sorbent column and sorbent UV4^80/20/2 in removing arsenic from 
inlet water at various bed volumes of water. Both types of material reduced the arsenic 
concentration to the 1 ppb detection limit, demonstrating the efficeicy of a sorbent of the 
5 present invention when used in a column filtration forniat. 

Example 8 

This Example illustrates the total iron bound to sorbents of the present invention after 
their preparation. 

Iron content was determined by the PhenanthroUne method, see Standard Methods 
10 for the Examination of Water and Wastewater, 20th ed., 1998, published by American Pubhc 
Health Association, pp 3-76. Data is reported in Table 6, below. Percent iron is calculated 
by determining gram iron per gram sorbent. 

Table 6. Percent Iron in each sorbent formulation (amoimt Fe per g sorbent) 



Sorbent formulation 


Described in 
Example 


%Fe 


col 80-20-2 on sand 


6 


14.5 


col on sand 80-20-2 


6 


4.8 


Col on sand, no Fe 
amendment 


6 


0.3 


Col 80-20-2, no 
aggregation 


6 


17.7 


UY4-80/20/2 


2 


30.4 


UV4-40/20/2 


2 


27.5 


UV4-80/20/24 


2 


32.1 


UV4-40/20/24 


2 


24.4 


GFHTM 


2 


37.4 
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A number of variations and modifications of the invention can be used. It would be 
possible to provide for some features of the invention without providing others. 

For example in one ahernative embodiment, the sorbent is used in the underliners of 
5 bodies of water, such as ponds, lakes, and reservoirs. In this configuration, a low 
permeability/porosity to restrict water flow is desirable. Thus, the sorbent is montmorillonite 
or a combination thereof and is blended in with unamended montmorillonite; Typically, the 
amount of sorbent in the liner ranges from about 1 to about 10 wt.% and more typically from 
about 2 to about 5 wt.% of the liner. The presence of sorbent dispersed in the liner along 

1 0 with the unaniended substrate can remove contaminants in water seepage and thereby prevent 
contamination of the xmderground water table. 

In another alternative embodiment, the sorbent is used to treat stationary bodies of 
water. The sorbent, which can be on montmorillonite (without a carrier substrate) is 
dispersed in the body of water and allowed to settle on the bottom of the body of water. 

15 The present invention, in various embodiments, includes components, methods, 

processes, systems and/or apparatus substantially as depicted and described herein, including 
various embodiments, subcombinations, and subsets thereof Those of skill in the art will 
understand how to make and use the present invention after understanding the present 
disclosure. The present invention, in various embodiments, includes providing devices and 

20 processes in the absence of itenis not depicted and/or described herein or in various 
embodiments hereof, including in the absence of such items as may have been used in 
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previous devices or processes, e.g,, for improving performance, achieving ease and\or 
reducing cost of implementation. 

The foregoing discussion of the invention has been presented for purposes of 
illustration and description. The foregoing is not intended to limit the invention to the form 
or forms disclosed herein. In the foregoing Detailed Description for example, , various 
features of the invention are grouped together in one or more embodiments for the purpose 
of streamlining the disclosure. This method of disclosure is riot to be interpreted as reflecting 
an intention that the claimed invention requires more features than are expressly recited in 
each claim. Rather, as the following claims reflect, inventive aspects lie in less than all 
features of a single foregoing disclosed embodiment. Thus, the following claims are hereby 
incorporated into this Detailed Description, with each claim standing on its own as a separate 
preferred embodiment of the invention. 

Moreover though the description of the invention has included description of one or 
more enibodiments and certain variations and modifications modifications are within the 
scope of the invention, e.g., as may be within the skill and knowledge of those in the art, afl:er 
understanding the present disclosure. It is intended to obtain rights which include alternative 
embodiments to the extent permitted, including ahemate, interchangeable and/or equivalent 
structures, functions, ranges or steps to those claimed, whether or not such alternate, 
interchangeable and/or equivalent structures, fimctions, ranges or steps are disclosed herein, 
and without intending to publicly dedicate any patentable subject matter. 
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